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Preconstruction Services for Hiinga Hospital
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This project outlines the role of a construction management student in the interdisciplinary
development of a hospital in Kampala, Uganda. The Hiinga Organization, an investment fund in
Eastern Africa, tasked a team of students to develop a preliminary design and put together
construction resources for a new hospital. Hiinga will use these documents, with the preliminary
drawings, to gather funding for the actual construction of the building. The interdisciplinary team
consisted of an architecture student (Annebel van der Meulen), two architectural engineering students
(Abbie Coffing and Lexi Buhr), and two construction management students (Arley Landis and Brett
Shank). Van der Meulen focused on the aesthetic and organization of the 15,000-square-meter
(150,000 square feet) hospital. Coffing and Buhr analyzed the structural integrity of the building.
Shank’s focus was on the cost estimate and constructability of the design during development.
Landis’s focus was on the cost and constructability of the complete drawings being handed over to
Hiinga. This paper consists of a constructability analysis, a cost estimate, and a schedule to
accompany the team’s drawings. The text also explains how the construction of the substructure of the
hospital, the adjacent clinic, will provide insight into constructing the hospital.
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Introduction
The Project
The idea for this project came when Andy Agaba, founder of the Hiinga organization, reached out to
Cal Poly’s College of Architecture and Environmental Design (CAED). Hiinga is a “Christian Faith
Driven Impact Investing Fund, dedicated to investing in the East African "Missing Middle"
entrepreneurs, so they can create jobs that bridge the gap between poverty and wealth”(About). Hiinga
wants to build a hospital just outside of Kampala, to create countless jobs for the community, provide
a space for medical education, and bring more medical service to the community. Their intention for
our team was for us to develop a plan for the hospital. This includes complete architectural drawings,
a cost breakdown, and a construction schedule.

Our Team
Annebel van der Meulen, a fifth-year architecture student, is leading the student project team. She
completed the building design and organization. Abbie Coffing and Lexi Buhr were the architectural
engineering students on the project. Their role was to calculate loads and design the steel
superstructure to support the building. Arley Landis and I, Brett Shank, were the construction
management students brought on to the project. My role was to put together a construction estimate, a
schedule, and a constructability analysis of the incomplete, ongoing design to assist van der Meulen's
design process. Landis was helping with the constructability analysis of the ongoing design and will
complete a cost estimate and schedule once the architectural drawings are complete.
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Project Process
Starting Point
The first guidelines we received from Hiinga regarded hospital size and purpose. Agaba wanted us to
design the hospital to meet U.S. building standards. Additionally, he wants to build a temporary urgent
care facility that will operate during the construction of the main hospital, Once the project finishes,
that center will be converted into a psychiatry facility. Since the urgent care will be constructed first, it
will serve as a test piece for the rest of the hospital construction.

Research
The first step of my research was learning about common building practices in Uganda. I quickly
realized that researching Uganda would not be easy. There is a lack of information on construction in
Uganda, especially commercial construction. I browsed various internet searches looking for
information on Ugandan building practices but did not find any results. I then turned my focus to
researching construction companies in Uganda. Through Construction Review Online, I found some
of the largest companies in Uganda’s commercial sector (Top). Looking at the websites of Krishna
Construction Co. Ltd. and Seyani Brothers & CO. Ltd. I gathered that construction in Uganda is
almost identical to American practices. (Krishna; Seyani) They use the same materials, same
construction methods, and same equipment. Our team determined we could design the hospital
exactly as we would in the U.S. This eased the design process because we have access to copious
information about building materials in the U.S. Hiinga additionally asked us to design the building to
meet U.S. building standards, affirming what van der Meulen was already working towards.
Hiinga also informed us that they purchased a masonry block-making machine. They want the
building to be made from bricks manufactured on-site. The machine pictured in Figure 1 in the
appendix is the QTJ4-40A Block Making Machine manufactured by ZCJK Machinery Group that we
will use. This machine uses a hydraulic press to form any masonry brick that you have a mold for. We
decided we want to manufacture blocks similar to American construction masonry units (CMUs). We
will also have the option to make smaller bricks to use on interior walls to optimize floor area.
Following my introduction to this machine, my research quickly directed toward masonry
construction. I read through Gunter Pfeifer’s Masonry Construction Manual to better understand
masonry construction as a whole. I then went through Kenneth Thomas’s Masonry Walls:
Specification and Design to understand building layouts and wall openings. Additionally, I read
through David Ballast’s Interior Construction & Detailing to better understand how masonry walls tie
together and to find details of connections.
The next subject of interest was roofing. Van der Meulen asked me to research the optimal roofing
material. I looked into flat roofs versus pitched roofs, and compared corrugated steel to plastic
membranes. I referenced Eberhard Schunck’s Roof Construction Manual to understand the various
systems. I also used C.W. Griffin’s Manual of Low-Slope Roof Systems to find details. I found that
steel roofing systems are less expensive than concrete decks with a membrane over the top. They also
weigh much less, and because the hospital won’t have a helicopter pad on the top, a flat roof is not
required. What flat roofs do offer is that they are more simple for installing and maintaining HVAC
equipment, and can provide rooftop spaces if desired. We decided to design the clinic with a
corrugated roof because it made sense for the smaller building, but this may not be replicated on the
hospital.
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My next focus was on utilities, mainly about the building design considerations that should be
integrated. I looked back at my books on masonry construction to get a sense for openings in masonry
walls for utilities to pass through and learned about chases. I additionally looked at Lee Smth’s
Plumbing Technology: Design and Installation and Roger Haines’s HVAC System Design Handbook.

Deliverables
Constructability/ Risk Analysis
Steel Frame Manufacturing - As soon as it was decided to incorporate structural steel into the
design, we were guided by Hiinga to import steel. While the steel will be manufactured elsewhere,
Hiinga wants the roof truss system to be built in Uganda rather than shipped as assembly units.
Importing steel pieces rather than full assemblies will significantly reduce the shipping cost and will
create more jobs in Uganda. The supply chain for steel is impacted, so there may be a delay if the
structural steel is not ordered soon enough.
Brick Manufacturing - One of my initial concerns with the project was the time aspect of
manufacturing masonry units on site. Hiinga purchased a Block Making Machine from ZCJK
Machinery Group that will compress a concrete mixture into concrete masonry units. The machine
can create four blocks (400mm x 200mm x 200mm) every sixty-second cycle. The specifications on
the machine say the daily output can top 2304 bricks per day. This efficiency seems critically low for
a 15,000-square-meter building. Based on the wall area of the hospital’s second floor, I calculated that
the hospital will need 350,000 bricks, or 152 workdays of brick making. I advised my team to try to
reduce the size of the building envelope to reduce the number of blocks required. While this duration
is immense, the phasing of the project allows for ample time for the bricks to be manufactured onsite
before they are needed for assembly. Any fluctuations with this process, or any mechanical errors in
the machine, have the potential to create significant delays for the project. Using only one machine
will suffice, but is risky.
Masonry Construction - Block construction, like any masonry construction, poses challenges for
utility installation. Once the blocks are set, the system cannot easily be changed. The best way to
mitigate this is to have subcontractors' input early on in the design process. The earlier the team
collaborates, the fewer issues the design will hold down the road. Building Information Modeling
(BIM) is another effective means for eliminating clashes between utilities and the risk of rework.
Chases - For ample utility variability, the building needs mechanical, plumbing, and electrical chases.
These will allow for simple routes for utilities to travel through the building. With each floor being so
long, there will likely need to be vertical chases distributed throughout. Additionally, plumbing chases
would be heavily impactful between bathrooms so water and sewage lines can efficiently connect the
two restroom fixtures. Having utility chases will also facilitate maintenance when necessary and can
even contribute to an extended lifespan of the building.
Site Drainage - Through my research on the climate of Uganda I found that Kampala receives 1.25
meters of rainfall every year, on average. Noticing the two courtyards created by the building’s shape,
it will be necessary to create a detailed Stormwater Pollution Prevention Plan (SWPPP) for the extent
of construction. This will limit the impact of construction on the surrounding community. It will also
be important to consider the precipitation while finalizing the design. A sufficient gutter and drainage
system will be crucial to the performance of the building.
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Municipal Utilities - While the project site does have access to municipal utilities, the system may
not be fit for a 15,000 square meter hospital to tap right in. It would be wise to inspect the local
utilities to make sure they can handle the new stress. Additionally, Kampala tap water is not quite safe
for consumption so it may be reasonable to look into onsite treatment equipment. Improving water
quality can also extend the lifetime of the building’s plumbing.
Medical Equipment Complexities - Hospitals are one of the most complex building types being
designed. The utility demands for each room are variable and the system has to be strategically
designed with that in mind. Many medical machines and devices use higher voltages of power as well.
Handling higher voltages creates more risk during the construction process. The machines will also
have to be transported into their designated rooms, but may not fit through standard doorways. They
also may weigh hundreds of pounds which should be acknowledged in the structural design.

Cost Estimate
After researching recent commercial projects in Kampala, it was noticeable that their projects look
identical to our projects in the United States. Seeing that the same building materials were being used,
I had to assume that those materials are most economical in Uganda and that costs will be relatively
similar. With these similarities, and not being able to find any cost data, I was left to cost this project
based on US construction data. So I did a cost analysis on eight medical buildings in the US. This data
came from Design & Construction Resources’ Architect’s Square Foot Costbook.
I grouped these projects in three ways as seen in Figure 3:
● average of all projects
● average of the buildings under $10M (highlighted in green)
● average of the buildings over $10M (highlighted in cyan)
Here is a snippet from Figure 3:

The tables seen in Figure 2 and Figure 3 show the average cost of each division, as well as the
percent of project cost spent on that division. I then used the data from the under $10M to estimate the
cost of the urgent care clinic because it is smaller in scope. The over $10M data I used to estimate the
cost of the main hospital because it was similar in scope. These buildings are estimated separately
because they will be constructed in two different phases.
Now that I had the average costs for each division, I wanted to adjust these to fit out project. I
analyzed the elements of every division can determined how our project differed from the buildings in
the case studies. I came up with these cost considerations:

Cost Considerations - Urgent Care Clinic
General Requirements - Permitting costs are unknown. With our team helping with development,
that should lower costs. The complexity of designing this building is much less than large hospitals, so
the cost for the clinic should be fairly small; 8-9% as opposed to 15%.
Sitework - Sitework is not factored into the case study data, but that is fine because most of the site
work cost will be absorbed into the hospital.
Concrete - This cost is about right. The only concrete in the project is the first-floor slab and footings.
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Masonry - This cost will be greater. Masonry materials don't cost too much but the walls will be
entirely masonry as opposed to studs. I believe this division will absorb much of the cost from
division 6.
Metals - This cost will be inflated. Having a steel truss system and steel superstructure will certainly
increase the cost. This will also absorb costs from division 6.
Woods & Plastics - This cost will be significantly lower considering we won't have any wood
framing.
Thermal & Moisture Protection - This cost should be about even.
Doors & Windows - Having glass curtain walls at the front and back of the building will drive up the
cost. All doors and windows may be imported which will drive up the cost.
Finishes -I'm not sure what finish will go over the masonry units, but it's safe to assume gypsum
board, plaster, and paint. This division is quite variable. Finishes may also have to be imported.
Specialties - There are not any specialties for the clinic.
Equipment - If medical equipment is being furnished by the owner, and there isn't much that needs to
be integrated into construction then this cost will remain low. We will need an emergency generator.
Furnishings - I'm assuming that the medical beds will be incorporated into "Medical Equipment" and
will be furnished by the owner. With that being the case, this number will be on par with the DCR
data, fairly low.
Specialties Construction - There aren't any specialty projects associated with the clinic.
Conveying Systems - This cost will be zero, as there is only one floor.
Fire Suppression - This cost will be about the same.
Plumbing - The plumbing cost should be about the same, possibly less.
Mechanical - This system will not be that complex, and should cost less.
Electrical - The whole system will need to be connected to emergency power, but won't be too
complex. Should cost less, unless the generator is included in this cost.

Cost Considerations - Hospital
General Requirements - Permitting costs in Uganda are unknown. Even with our team helping with
development, this cost will still remain immense because of the complexity of the building. This
division also contains all of the GCs costs such as temporary equipment, trucks, and lifts. This will
also contain soil tests.
Sitework - Sitework is not factored into the case study data, probably because of differing preexisting
site conditions. This site has already been cleared and grubbed, just needs to be graded. The site is on
a slope, however, so this will be a significant cost.
Concrete - This cost will be less. The use of concrete is consistent across the other case studies as
decking, but our superstructure doesn't use any as structural members.
Masonry - This cost will be greater. Masonry materials don't cost too much but the walls will be
entirely masonry as opposed to studs. I believe this division will absorb much of the cost from
division 6
Metals - This cost will be inflated. Having a steel truss system and steel superstructure will certainly
increase the cost. This will also absorb costs from division 6. The steel will be imported and then
assembled by local steelworkers which will reduce shipping costs but increase fabrication costs.
Woods & Plastics - This cost will be significantly lower considering we won't have any wood studs.
Wood may still be used for concrete formwork.
Thermal & Moisture Protection - This cost should be about even.
Doors & Windows - This project does have a lot of glass. Many of the floors have glass curtain walls
that curve. If these windows are made with a curve, that cost will be much higher. If the panes are flat
the cost should be on par with the case studies. I’m assuming the panes will be flat.
Finishes - Finishes are not fancy but will be a significant cost. Vinyl flooring throughout. T-bar
ceilings. Gypsum board, paint, plaster on walls.
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Specialties - No specialties that I'm aware of
Equipment - Equipment may be the greatest cost to the project. The generator will be a significant
cost. All the medical equipment (x-ray, CT scan, and various other devices) will cost a fortune. For
this estimate, we will leave out the medical equipment costs.
Furnishings - I'm assuming that the medical beds and other specialty furniture will be incorporated
into "Medical Equipment" and will be left out of this estimate. With that being the case, this number
will be on par with the DCR data, fairly low.
Specialties Construction - There will be a kids' play area on the first floor.
Conveying Systems - There will be as many as 10 elevators, some 4 stories, some 5, some 6.
Fire Suppression - This cost will be about the same
Plumbing - The plumbing cost should be similar
Mechanical - HVAC costs will be similar to other projects.
Electrical - Much of the building will need to be connected to emergency power, but won't be too
complex. There will also be a need for higher voltages in select locations for equipment. This may
cost a bit more than average because of the complexity of the building.
Now that I had subjective, adjusted values for each division, I needed to factor these adjustments into
the cost breakdown. I made these adjustments in Figure 4. To start, I multiplied the “Cost per SQM”
by the building’s square meterage to get the “Products.” I then gave each division a “Subjective
Value” based on the cost considerations above. I then divided the “Subjective Value” by the “Original
Value”, and multiplied that factor by the “Cost per SQM” to get the “Subjective $/SQM.” Then I
multiplied that value by the square meterage to get “Subjective Totals.” These are the costs that I think
are subjective to our building. I also converted each of these costs into the Ugandan Shilling.
Snippet from Figure 4:

Schedule
The schedule I put together was based on the knowledge I’ve gained at Cal Poly as well as in the
field. This schedule Figures 6-8 below. The durations I used are estimates adjusted to fit the scope of
the project. One assumption I made is that the urgent care clinic will be completely finished before
construction on the hospital begins. I also allotted time after the completion of the clinic for analyzing
the construction process and applying this new knowledge to the planning and design of the hospital.
The only two tasks for the hospital that begin before the end of the clinic are the manufacturing of
bricks and the fabrication of the steel trusses. Brick manufacturing may be a constraint and giving that
process a headstart could benefit the project down the road. The same goes for the fabrication of the
trusses.
My assumption for the construction of the clinic is that it will be fast-tracked so it can be opened
sooner, and so adjustments can be made to the hospital drawings sooner. However, we won’t want this
process to be fast-tracked too much so the design team and general contractor can have time to
process and make thought-out decisions or solutions that may affect the hospital.
I have scheduled the hospital to be built in layers. The superstructure and concrete teams will start at
the bottom and build up one level at a time. Once a level is complete, and the work area is safe to
occupy, the other trades will be able to move in and start working on it.
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Project Review
Project Challenges
The most significant challenge I faced was the limitation of information available regarding
construction in Uganda. Not having access to relevant material or labor prices will certainly hurt the
accuracy of my estimate. More pressing was not being able to find common construction practices.
Perhaps their construction industry takes a different approach to the construction process. This would
create complications with our design and could cause delays. Another challenge was the incorporation
of the on-site brick maker. We were not sure at first what kinds of bricks this machine could form. We
were also unsure of the structural properties of the bricks, and we didn’t know which brick shape was
most commonly used. Lastly, I was challenged by the constant development of our design. Van der
Meulen was frequently moving things around and changing floor plans. I couldn’t get my hands on
her drawings because they were always in development. Finally, we got to a place of substantial
completion so I could begin a takeoff.

What I Learned
One of my first awakenings was that international construction is more similar to American
construction than I had imagined. Many buildings in Uganda look like they could be standing in the
US. The earth is a lot smaller than I realize. I also learned that we are privileged to have resources like
RSMeans or DRC Costbooks for estimating. It will be interesting to see how the costs I found in the
DCR Costbook will compare with actual values in Uganda. Another challenge we faced was the time
difference between the US and Uganda. This forced most of our communication with Agaba to be
through email, which worked but had an inherent delay. The distance reduced the amount of
communication we could have with him overall.

What’s Next
The next step for our team is to travel to Uganda to meet Agaba at the end of June 2022. He has
invited us out to further develop the project with our feet on the ground. He has coordinated for us to
work with a local architect to adjust the design and work through some of the constructability
challenges. Hopefully, we will also get to work with a general contractor to improve our
understanding of construction in Uganda and adjust our estimate and schedule. Once we are complete,
we will hand over our work to Hiinga so they can use our resources to find investors to fund the
construction of the hospital.

Conclusion
This project has given me a new perspective on international construction. I was certainly challenged
in determining the best method for putting together an estimate with no local cost data. Working in an
interdisciplinary team created a new dynamic, and forced me to adjust to a team setting where each
member’s work was fluid and ever-evolving. I would relate this experience to having a group of four
all editing one Google Doc at the same time. Things are constantly shifting and you have to
coordinate so each other can work effectively. I’m grateful I have the opportunity to work with Hiinga
and my team on this project, especially considering the impact this project will have on the
community in Kampala. I have certainly seen myself grow throughout this process and can’t wait to
apply what I’ve learned in this interdisciplinary experience
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